< EPA

A-Au-47
n-A-4

United States Office of Air Quality EPA-453/B-94-056
Environmentai Protection  Planning and Standards September 1994
Agency Research Triangle Park NC 27711

Air

High Capacity Fossil Fuel
Fired Plant Operator
Training Program

Student Handbook




R i, o o

EPA-453/B-94-056

HIGH CAPACITY FOSSIL FUEL-FIRED PLANT
OPERATOR TRAINING PROGRAM

STUDENT HANDBOOK

U. S. Environmental Protection Agency
Industrial Studies Branch/ESD
Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711

September 30, 1994



g

SR

Section
1.

TABLE OF CONTENTS
Title

INTRODUCTION

PN e

1.
1.
1.
1.

=
2

TER AND STEAM CIRCUIT

MBUSTION GAS CIRCUIT

AIR POLLUTION FUNDAMENTALS

6.1 Introduction ........... ... ... ittt
6.2  Fuel Dependent Air Pollutants ..................
6.3 Combustion Dependent Air Pollutants ...........
6.4 SmokeandParticulates........................
6.5 GasConcentrations .............ccciiieinnn.n.
6.6 EmissionFactors ..............ccciiiiiinn...
6.7 Correcting Concentrations .....................
6.8 Excess Air Calculations . .......................
6.9 Combustion Efficiency Calculation ..............
6.10 Boiler Efficiency Calculations ...................

Purposeof Course ................ooiiiia...
Steam Generators.............cciiiiiniieeannns
Regulatory Requirements ......................
Course Overview ..........coivitiinenenannnnens

..........
..........
..........

..........

Steam Fundamentals............ ...,
Boiler Fundamentals ..........................
Water-Steam Circuit ......... . i,
Water Treatment ...........coiiiiiiieenenns .

..........

..........

..........

2.1

2.2

2.3

2.4

CO

3.1 Introduction .......... ... .. i,
3.2 Combustion Process ............. ...,
3.3 HeatTransfer .......... . i iiiiinnn.n.
34 CombustionGasFlowPath ....................
3.5 FlueGasTreatment ......... ... . it
FOSSIL FUELS

4.1 Introduction ........... ..t
42 NaturalGas ..o i
4.3 FuelOil. ...
4.4  Coal ... e e
COMBUSTION PRINCIPLES

5.1 Basic Combustion Concepts .. ..................
52 Air-FuelMixture ........... ...
5.3 CombustionEquations.........................
5.4 Combustion Calculations ......................
5.5 Heat Transfer Fundamentals ... ................

.......... 6-16
.......... 6-17



TABLE OF CONTENTS (Continued)

Section Title Page
7. NATURAL GAS FIRED BOILERS
7.1 Introduction ........... ... .. .. i 7-1
7.2 FuelSupply System ...........coiiiiiiiiiaiaa 7-1
7.3 Burner Arrangements ..............eiiiiiiianannn. .. 7-4 f'
7.4  Boiler Design Parameters ...................ooo, 7-12 ;
75 Emissions ........... i 7-14
8. OIL FIRED BOILERS
81 Introduction ............ccciiiiiiii 8-1
8.2 FuelSupplySystem .......ccoovvivveneeii .. 8-1
8.3 Burner Arrangements ...............c.iiiiiieiiiiiina.. 8-7
8.4 Boiler Design Parameters .................... ..., 8-8
8.5  EMISSIOOS ...ttt 8-8
9. PULVERIZED COAL FIRED BOILERS
9.1 IntroductiOn ............c.cuiriiiiiiiei e 9-1
9.2  Pulverizing Propertiesof Coal . ............................ 9-1
9.3 CoalPreparation ...........cccouruuiinin 9-3
9.4 Methods of Pulverizing and Conveymg Coal ................ 9-7
9.5 Pulverizing Air Systems ..........ooiiiiiiiiii 9-10
9.6 TypesofPulverizers ................coiiiiiiiiiiin.n. 9-12
9.7 PulverizedCoalBoilers.............. ... . ... ... . ..., 9-18
9.8 EmiSsions ........oiiiiiii 9-24
10. STOKERS
10.1 Imtroduction ............c.cooviiiiiii i, 10-1
10.2 Typesof Stokers ...t 10-2
10.3 Underfeed Stokers...................... e 10-2
10,4 MassFeedStokers ...........cooviiiiiii i 10-6
10.5 Spreader Stokers.............. e 10-10
106 EmiSSions ...ttt e 10-20
11. FLUIDIZED BED BOILERS
11.1 Introduction .............ciriiiiiiii, 11-1
11.2 Typical Fluidized-Bed Conditions .......................... 11-2
11.3 Fluidized-Bed Combustion Advantages .................... 11-3
11.4 Atmospheric Pressure Fluidized-Bed Boilers . ............... 11-5
11.5 Fluidized-Bed Boiler Furnace Design ....................... 11-7
11.6 Fluidized-Bed Boiler Arrangements ........................ 11-8
117 Operation .........coueeieiiiniiiiiiii i 11-10
11,8 Emissions . ...t e e e 11-12




wwfiWWAM)n(levr; IG5t € st it P < 7 e b s

Section

12.

13.

14.

15.

TABLE OF CONTENTS (Continued)

Title Page

GAS TURBINE WITH A HEAT RECOVERY
STEAM GENERATOR

12.1 Introduction ........ .. .. i e 12-1
12.2 Gas Turbine Description ........... ..., 12-1
12.3 Design Classifications ............. ... 12-4
12.4 Operating Cycles and Efficiency ................. ... ..., 12-10
12.5 NO, Formation Mechanisms ............. ...t 12-15
12.6 Control Options ........coviiiiiiiii i 12-19
PACKAGE BOILERS

13.1 Introduction .......... .. oot e 13-1
13.2 Package Boiler Types ...t 13-1
13.3 EmMISSIONS ...\ttt et i e 13-9
NORMAL OPERATION

14.1 Introduction .......... ...ttt i 14-1
14.2 Maintaining Suitable Combustion Conditions . .............. 14-1
14.3 Monitoring Combustion ............c.coiviiiiinenin... 14-7
14.4 Maintaining Steam Temperature and Pressure ............. 14-11
14.5 Maintaining Suitable Feedwater Conditions ................ 14-12
14.6 Monitoring the Steam/Water Circuit ...................... 14-14
14.7 Controlling the Steam Temperature ....................... 14-15
14.8 StartupProcedures............. ... . ... il i 14-17
14.9 Shutdown Procedures .......... ... ... ... . .. 14-20
AUTOMATIC CONTROL SYSTEMS

15.1 Introduction ....... ...ttt e e 15-1
15.2 Types of Analog Control Systems ......................... 15-1
15.3 Types of Digital Control Systems ......................... 15-3
15.4 Automatic Control System Elements ..................... 15-4
15.5 Gas-side and Water-side Control Parameters............... 15-6
15.6 Single, Two, & Three Element Controllers .................. 15-7
15.7 Microprocessor Based Control Systems ................... 15-12
15.8 Control System Applications ............. ...t 15-13



TABLE OF CONTENTS (Continued)

Section Title Page
16. INSTRUMENTATION: GENERAL MEASUREMENTS
16.1 Introduction ............... ...t 16-1
16.2 Pressure Measurement ..............ccoiiiiiiinnniinnn.. 16-1
16.3 Temperature Measurement and Equivalence............... 16-2
16.4 Level Measurement ...........ccoiiiiiiiiiininnnnennnnn. 16-4
165 Flow Measurement ...........cviiiiiiriinrernnnnennnn... 16-4
16.6 WeighScales ........ ...t 16-5
17. ELECTRICAL THEORY
17.1 Introduction ................ e 17-1
17.2 Fundamental Parameters .......... ... ... 0. 17-1
17.3 Electrical Power Equipment .............................. 17-9
17.4 Instrumentsand Meters ............ ..., 17-13
18. TURBINE GENERATOR
18.1 Introduction ......... .. ... .. . i 18-1
18.2 Steam Turbine Generator Description ..................... 18-1
18.3 Steam TurbineDesigns ......... ... oot 18-5
18.4 Steam Turbine Generator Operation ...................... 18-8
18.5 Generator Synchronization Utility Grid .................... 18-10
18.6 Turbine Generator Off-Nominal Conditions . ................ 18-11
19. PREVENTATIVE MAINTENANCE
19.1 Potential EconomicLosses ............... ..., 19-1
19.2 Features of Preventative Maintenance .................... 19-2
19.3 Periodic Inspections ......... ...t 19-4
19.4 In-Service Maintenance.............. e 19-5
19.5 Outage Maintenance Planning ............................ 19-5
20. SAFETY
20.1 System Safety Hazards ....................ciiiiiii.... 20-2
20.2 Consequences of ExposuretoHazards ..................... 20-5
20.3 Standard Safety Considerations .......................... 20-6
20.4 Personnel Protection Equipment .......................... 20-8
21. AIR POLLUTANTS OF CONCERN
21.1 Introduction ........c..ciiuiiiietii e e 21-1
21.2 AirQuality Overview ......... ...ttt 21-2
21.3 National Ambient Air Quahty Standards .................. 21-3
21,4 PrimaryPollutants ......... ... ... .. ... 21-7
21.5 SecondaryPollutants ............ ... ... ... 21-12
21.6 HazardousPollutants............ ... o .. 21-15

v




TABLE OF CONTENTS (Continued)

Section Title Page
22. ENVIRONMENTAL REGULATIONS
22.1 RegulatoryOverview ...........ccoiiiiiiiiiinnenennnnn.. 22-1
22.2 Provisions of the Clean Air Act Relative to
BoilerOperations ...........ccoiiiiiiiiiiiiiieriennnnnns 22-7
22.3 New Source Performance Standards ...................... 22-9
22.4 AdditionalStandards .................. ... e, 22-19
225 Permits ....... .. . i e i 22-23
23. CONTINUOUS EMISSION MONITORING
23.1 StatementofPurpose ...............ciiiiiiiiiiiia, 23-1
23.2 General Classificationsof CEMS .......................... 23-1
23.3 Components of CEMS ...... ... ... oottt 23-5
23.4 Usage of CEMS in Utility/Industrial Boilers ................ 23-7
23.5 Analytical Methods ......... ... 23-8
236 FlowMonitors. ...ttt 23-18
23.7 OpacityMonitors...........coiiiiiiiiiie i 23-22
23.8 Maintenance and Continuing Operations ................... 23-24
24. PARTICULATE CONTROL
24.1 Control Methods and Typical Arrangement ................ 24-1
24.2 Cyclomes ... e e e 24-2
24.3 Electrostatic Precipitators ............... .. ...l 24-6
244 FabricFilters .......... ... i i i .. 24-12
25. NITROGEN OXIDES CONTROL
25.1 Nitrogen Oxides ControlOverview . ........................ 25-1
25.2 NOyFormation ......... ...ttt 25-3
25.3 Control of NOy Emissions ........coooviiiiniiin .. 25-5
26. SOy CONTROL
26.1 Introduction ........ e e e e e 26.1
26.2 Wet Scrubbers ............ .. i 26-2
26.3 DryScrubbers ........... ... 26-13
26.4 FurnacelInpjection ........... ... ool 26-19
27.  WATER POLLUTION ...ttt e 27-1
28. WASTEWATER TREATMENT
28.1 Removal of Suspended Solids ............................. 28-1
28.2 Neutralization ..........c.oiiiiiiiiiiiiiieneneenann. 28-6
28.3 Dechlorination .............cooiviiiiiiiiiinee .. 28-8




5 “I —

TABLE OF CONTENTS (Continued)

Section Title Page
29. SOLID WASTES
29.1 Introduction .......... ..ottt e 29-1
29.2 BottomAshandFlyAsh ............ .. ..., 29-1
~ 29.3 Ash Removal and Handling Techniques .................... 29-3
29.4 Ash Characterizationand Testing . ........................ 29-8
29.5 Flue Gas Desulfurization Wastes .............ccuueunn.... 29-11
29.6 Handlingof FGDWastes .................coiiveiiiiaiin. 29-12
29.7 Groundwater Contamination from
Pondsand Landfills ..........c..0 v, 29-12
30. SOLID POLLUTION CONTROL '
30.1 Introduction ........... it 30-1
30.2 DisposalMethods .......... ... .. i 30-1
30.3 WetDisposal—Ponds ..............cociiiiiiiiiiinna.... 30-2
30.4 DryDisposal—-Landfills .............c..i i, 30-3
30.5 TreatmentMethods ............ ... i, 30-4
30.6 DewaterIng ........c.oiiuiniiiiiiiiiiiiiaiin ... 30-5
30.7 Stabilization .......... . 30-11
30.8 FIXation ... oottt e 30-11
30.9 Utihzation . .....o ittt i e e 30-12

31. GLOSSARY

R e ndons 4 1€ _



